Transportation policies and plans encourage non-motorized transportation and the establishment of performance measures to assess progress towards multi-modal system goals. Challenges in fostering walking and bicycling include the lack of data for measuring rates of walking and bicycling over time and 5! differences in pedestrians and bicyclists and the trips they make. This paper analyzes travel behavior inventories conducted by the Metropolitan Council in the Minneapolis-St. Paul Metropolitan Area in 2001 and 2010 to illuminate differences walking and bicycling over time and illustrate the implications for performance measurement. We focus on the who, what, where, when, and why of non-motorized transportation: who pedestrians and bicyclists are, where they go and why, when they travel, and what 10! factors are associated with the trips they make.
Measured by summer mode share, walking and bicycling both increased during the decade, but the differences between the modes overshadow their similarities. Using descriptive statistics, hypothesis testing, and multinomial logistic models, we show that walkers are different than bicyclists, that walking 15! trips are shorter and made for different purposes, that walking and bicycling trips differ seasonally, and that different factors are associated with the likelihoods of walking or bicycling. While the increase in mode share was greater for walking than bicycling, the percentage increase relative to 2001 share was greater for bicycling than walking. Both walking and bicycling remain mainly urban transportation options. Older age reduces the likelihood of biking trips more than walking trips, and biking remains 20! gendered while walking is not. These differences call into question the common practice of treating nonmotorized transportation as a single mode. Managers can use these results to develop performance measures for tracking progress towards system goals in a way that addresses the unique and different needs of pedestrians and bicyclists. 25!
INTRODUCTION
Transportation policies and plans encourage non-motorized transportation -walking and bicycling. Recent legislation, "Moving Ahead for Progress in the 21st Century" (MAP-21), requires state departments of transportation (DOTs) and other agencies to integrate indicators of performance into system management and to establish performance measures for assessing progress towards system goals 30!
(1). These agencies, which historically have used indicators such as commuting mode share to measure walking and bicycling, are seeking new measures that provide better understanding these modes. Challenges in fostering walking and bicycling include the lack of data for constructing comprehensive measures of walking and bicycling and important differences between pedestrians and bicyclists and the trips they make.
35!
This paper analyzes travel behavior inventories (TBIs) conducted by the Metropolitan Council in the Minneapolis-St. Paul Metropolitan Area in 2001 and 2010 to document changes in walking and bicycling. Results from these diary-based household travel surveys illustrate differences between walking and biking that have implications for planning and demonstrate how data from TBIs can be used as performance measures. We focus on the who, what, where, when, and why of non-motorized 40! transportation: who pedestrians and bicyclists are, where they go and why, when they travel, and what factors are associated with the trips they make. We give careful attention to areas where pedestrians and bicyclists differ and how these differences affect planning and evaluation.
We begin with a review of the literature on measuring walking and bicycling and the need for performance measures. We describe our study area, TBIs conducted by the Metropolitan Council, and 45! methods used to analyze and model non-motorized trips. Next, we describe spatial differences in rates of walking and bicycling, focusing on significant differences between modes, among jurisdictions, and factors that correlate with the likelihood of walking or bicycling. We discuss the importance of a disaggregated approach to constructing performance measures, and we illustrate how differences in factors associated with walking and bicycling can inform their construction. 50!
LITERATURE REVIEW
As public support for walking and bicycling has grown, the literature on measuring outcomes (e.g., rates of walking and bicycling) and performance management also has grown. Perhaps the most frequently reported measures of walking and bicycling are commuting mode shares based on the U.S. Bureau of the 55! Census journey to work question in the decennial censuses and American Community Survey (ACS). The Census Bureau recently published its first report exclusively on walking and bicycling (2). This report found, nationally, commuter mode share for walking declined slightly from 2.9% to 2.8% between 2000 and 2008-12, while commuter mode share for bicycling increased from 0.4% to 0.6% (2, p. 3). In Minneapolis, which ranked 13 th and 3 rd , respectively, in walking and bicycling among cities over 200,000, 60! walking to work declined from 6.6% to 6.4%, while bicycling to work increased from 1.9% to 4.1%, a "statistically significant" increase (2, p. 8). Similar patterns occurred in St. Paul, which did not reach the top 15 cities in either mode. The Alliance for Biking and Walking (3) summarizes a broad array of performance indicators for walking and bicycling based on different sources, including the ACS, travel behavior surveys, and facility 65! counts. The Alliance shows that decisions to walk or bike are associated with trip purpose, weather, age, income, and gender, but notes the limitations of national data sources for assessing walking and biking. Scholars have analyzed the effects of different factors in decisions to walk or bike. For example, Cervero and Kockelman (4) modeled the probability of non-personal vehicle trips using binary logit models and, after controlling for socio-demographic characteristics, found that density, (land use) 70! diversity, and design were associated with mode choice. Barnes and Krizek (5) compared measures of bicycling frequency based on different data sources and use simple sketch planning methods to model bicycling demand. Notably, several studies about walking and bicycling travel choices have used similar regional travel behavior surveys. The Greater Toronto and Hamilton metropolitan area administers the Transportation Tomorrow Survey (TTS) every five years on a 5% sample of the region. Roorda et al (6) 75! used this data to develop a modeling routine that better captures use of minor modes such as bicycling, ! ! though the authors state that the model's predictive power for bicycling specifically is weak. Habib et al (7) use TTS data from 1996, 2001, and 2006 to estimate a series of walking-trip generation models over time. They observed minimal change in baseline walking propensity and distance over the decade covered by the surveys, and modest decrease in the probability of an individual taking zero walking trips.
80!
Age, household structure, gender, and auto ownership, among others, were important predictors of walking. Pinjari et al (8) use the 2000 San Francisco Bay Area Travel Survey (BATS) paired with aggregate geography indicators to model bicycle ownership and residential self-selection. Sociodemographic variables had a stronger effect on bicycle ownership than the authors' indicators of living in a bicycle-friendly neighborhood, suggesting a self-selection effect.
85!
One objective of these studies has been to identify factors that affect system performance and progress towards goals. MAP-21 legislation requires state DOTs and MPOs to develop performance measures for transportation systems, but the impetus for performance indicators predates this federal requirement (1, 9) . The FHWA (10) defines "Transportation Performance Management as a strategic approach that uses system information to make investment and policy decisions to achieve national 90! performance goals" and is providing guidance for meeting requirements. For example, FHWA lists "sustainable transportation performance measures" that include "bicycle and pedestrian mode share" and "bicycle pedestrian activity and safety" (11) . In Minnesota, the Metropolitan Council has summarized network statistics (i.e., measures of system facilities), reports mode share based on ACS data and its own TBI, and notes the need for additional measures (9, p. 107-112). Nonprofit organizations also have 95!
proposed various performance measures (3, 12) . Scholars also have described both the potential and limitations of performance management systems and provided guidance on strategies for implementation. Pratt and Lomax (13) foretold the need for better measures of multimodal system performance. Li et al. (14) describe data needs and other challenges to describing system performance but do not address non-motorized modes or infrastructure. Ramani et al.
100!
(15) provide a framework for integrating measures of sustainability into system management. Case studies illustrate dashboard and other approaches to communication of transportation performance measures (e.g., 16, 17) . Yatano (18) argues that public agencies will benefit from incremental approaches to institutionalization of performance management because dramatic changes may induce opposition. Ammons (19, p. 507) found in a cross-sectional analysis of municipalities that the "caliber of service … 105! required to be ranked as a performance leader has improved… " but that a "longitudinal review … of individual cities provides only minimal support … that an advanced level of performance measurement acts as a catalyst for improved performance." Additional evidence on strategies for measuring system performance over time is needed. Table 1) . The 2010 survey revised wording of questions used in 2001, sampled more people but in one less county, and was administered over a longer time period (15 vs. 5 months, respectively). Among other substantive differences, the surveys defined "trips" differently and used different approaches to determining primary mode (Table 1) . 125! Table 1 about here] ! ! These differences necessitated harmonization of data sets and the use of subsamples to control for 130! the effects of seasonality. Harmonization involved recoding of 2001 trip records to match 2010 trip definitions, including specification of primary mode. To control for seasonality and its effects on mode choice, we use subsamples from the 2010 data set that match months for the 2001 TBI. Although we include some findings from the entire 15-month sample from 2010, we focus on results for the five month period that enable direct comparison of the TBIs. Trip distances were estimated using geographic 135! information systems to plot origins and destinations and shortest path routing applications to calculate distance. All descriptive statistics and significance tests were computed using Stata 10.1. We use multinomial logistic models to analyze the likelihoods that trips will be made by walking or bicycling, relative to a baseline of driving, and identify factors associated with walking and biking. We estimated models for the 2001 and 2010 data separately, starting with the same set of 38 independent 140! variables about weather and travel day characteristics, individual and household demographics and socioeconomic measures, trip purpose, and geography. We used backwards-stepwise removal to retain only variables that were significant at p<0.1 for at least one mode equation. The 2001 and 2010 models were tested on the other years' data, and the overall fit was similar if slightly diminished. Because the trip dataset contains multiple trips from the same people and households, including duplicate trips where 145! multiple members of a household traveled together, we randomly selected walking, bicycling, and driving trips made by adults ages 18 and up, such that each trip in the sample comes from a unique household. The structure of questions the TBIs and our analytic choices have complex effects on measures of walking and walking reported here. For example, the TBI formats may have the effect of decreasing the walking mode share due to self-reporting and memory recall issues, and this effect may be different for 150! the two survey versions. Respondent might not report short walking trips as "trips". Conversely, focusing only on summer trips for consistency with the 2001 survey may increase estimates of walking and biking somewhat, but the effects are unclear because the summer sample ends in August while biking tends to peak in September. Group quarters housing (e.g., college dormitories) were surveyed in September 2010, meaning that college students are under-sampled in the summer subset. The model 155! focuses exclusively on adults, who may not be as inclined to walk or bike as children or teens.
[Insert

DIFFERENCES IN WALKING AND BICYCLING OVER TIME Walking and Bicycling are Increasing but at Different Rates across the Region
Measured by summer mode share, walking and bicycling increased during the decade, though they 160! together still accounted for less than 10 percent of all trips in the region, and they remained principally urban mode choices (Table 2) . While the overall increase in mode share among all trips was greater for walking (2%) than bicycling (0.8%), the percentage increase relative to each mode's 2001 share was greater for bicycling (58%) than walking (44%). [Insert Table 2 about here] 170! These statistics mask significant differences in walking and bicycling mode share between Minneapolis and St. Paul and across the cities, the seven suburban counties, and the 12 ring counties (Table 2, Figure 1 ). For example, measured by year-round origin mode share in 2010, walking accounts for a significantly higher proportion of trips in Minneapolis (18.3%) than in St. Paul (12.6%; χ 2 =552.72), and both cities' mode shares are significantly higher than in the suburban and ring counties, which range 175! between three and four percent. There are significant differences in walking mode share between the suburban (3.1%) and ring (3.7%) counties (χ 2 =11.07). Walking mode shares are higher for Hennepin and ! ! Ramsey Counties, which contain Minneapolis and St. Paul, respectively, than for the other five suburban counties.
Patterns are similar for bicycling, though the relative mode shares are much lower. Bicycling 180! mode share in Minneapolis is nearly triple that in St. Paul, and four to five times higher than rates in suburban and ring counties (χ 2 =8,008.74). One exception to this pattern is that bicycling mode share is higher in suburban Ramsey County than in St. Paul, possibly because of the presence of a University of Minnesota the county.
185!
[Insert Figure 1 about here]
The proportions of trips within and across the two principal cities and their immediate counties changed throughout the decade (not shown). The share of walking trips within each of the two cities increased more than the share of inter-jurisdictional walking trips, but, with the exception of trips from 190! Minneapolis to Ramsey County, inter-jurisdictional walking trips also increased. For example, walking trips between Minneapolis and St. Paul increased by a factor of about four, while inter-city bicycling trips increased by a factor of three. Table 1 summarizes person-level participation in walking and bicycling (i.e., the proportions of individuals by gender who completed at least one primary trip by walking or bicycling). Measured by differences in summer mode share, the proportions of men and women who took at least one primary trip by walking or bicycling increased in all subareas with one exception: the proportion of women in the ring counties who bicycled declined slightly. Across the region, and in most subareas, walking mode share for 200! women was similar to, but slightly higher than for men in both 2000 and 2010. Bicycling, however, was highly gendered, and the disparity was not reduced over the decade, despite significant increases in bicycling overall. (Table 1) With respect to age, younger individuals are much more likely than older individuals to walk and bicycle, and the effect is more pronounced with bicycling ( Figure 2 ). Walking mode share declines from 205! the teens and 20s, stabilizes in the 40s, and declines again in the 60s or 70s, remaining at nearly 5% for trips taken by people in the oldest age categories. Bicycling mode share, however, declines consistently through the decades, and accounts for virtually less than about 1% of all trips for people who are 60 or older. Some of the observed decline may be cohort-specific. 30-39 year olds bike less than 20-29 year olds for both years, but 30-39 year olds in 2010 would have been in the 20-29 bracket in 2001, and those 210! groups bike at about the same rate.
Pedestrians and Bicyclists Comprise Different Subpopulations 195!
[Insert Figure 2 about here]
People Walk and Bike for Different Distances and Purposes
215!
The average length of trips taken by walking and bicycling are significantly different in 2010 (p<0.001) and are significantly shorter, on average than the average length of auto trips in both years (p<0.001).
More than half of all walking trips are less than 800 meters (0.5 miles); comparable median lengths for bicycling and all trips are about 2.9 and 6.2 kilometers (1.8 and 3.9 miles), respectively, in 2010, and 2.1 and 6.1 kilometers (1.3 and 3.8 miles) in 2000 ( Figure 3 ). 220!
[Insert Figure 3 about here]
The TBIs classify numerous different trip purposes. Through the harmonization process between years, we reduced these to six broad categories: shopping, dining out, social/entertainment, school, work, 225! and other. The reasons why people walk and bicycle share similarities but are changing over time. The largest differences among modes for trip purpose is for the category "other" (Figure 4 ), which includes trip purposes such as picking up and dropping off passengers, or accompanying other people. While more ! ! 30% of all walking trips were taken for this purpose in 2000 and 2010, less than 20% of all bike trips were taken for this purpose. This difference may be an artifact of the challenges respondents face in 230! classifying walking trips. Perhaps the most distinctive difference involves the percentage of trips taken for work: the proportion of bicycling trips taken for work is about double to triple the proportion of walking trips taken for work (p<0.001, both years), and significantly higher than the proportion of all trips taken for work (p<0.001, 2010). The largest change in trip purpose over the decade was the increase in bicycle trips for work, coupled with the reduction of bicycle trips taken for social/entertainment purposes.
235!
Relative to other modes, the proportion of both walking and bicycling trips taken for social/entertainment purposes is higher than for all modes, but this proportion declined during the decade, perhaps because of the recession.
[Insert Figure 4 about here] 240!
Walking and Bicycling Have Different Temporal Patterns
Walking and bicycling vary significantly across seasons: both peak in late summer or early fall months, decline through the winter before increasing again through spring. The mode share for walking falls about 50% and never drops below the peak summer mode share for bicycling. In contrast, the mode share for 245! bicycling drops nearly to zero in winter ( Figure 5 ). The likelihood of walking and bicycling also differs by day of week. In 2010, walking and biking were relatively more common on Mondays, while driving was more popular on Fridays (p<0.001. Neither the 2001 nor 2010 survey covered weekend travel.
[Insert Figure 5 about here] 250!
Walking and Bicycling are Associated with Different Factors
The preceding discussion illustrates differences between walking and bicycling over time. 
[Insert tables 3 and 4 about here] 260!
In the 2001 model, five of the 17 variables are significant for both walking and biking. However, for two of those (having a driver license and starting and ending one's trip within Minneapolis), there is no significant difference between the walking and biking coefficients. Shorter travel distances and having a college degree both increase the relative probability for walking and biking, but to different extents.
265!
Having a college degree increases the relative chance of walking by a factor of 1.302, but the relative risk ratio for biking is nearly double (2.495). Conversely, while each additional kilometer of travel distance decreases the probability of walking instead of driving by a factor of 0.785, the probability of biking is only reduced by a factor of 0.873. The probabilities of walking and bicycling are strongly and significantly associated with whether 270! a trip is for work or non-work activities, and whether the trip is home-based. Home-based work trips have a reduced relative probability of walking by 40% (p=0.012) in 2001, while the relationship with bicycling is positive but insignificant. Work-based trips to destinations other than home is associated with more than doubling the chance that a trip is made by walking instead of driving (p<0.000), while they cut the relative probability of bicycling by over half (p=0.030).
275!
Weather phenomena (rain events and hot, humid days) are associated with a decreased probability of biking by factors of 0.643 and 0.587 respectively. Being male, a student, younger than 56, and having a low household income (less than $30,000 per year in 2001) are associated with a higher relative chance ! ! of biking instead of driving. Being female cuts the relative probability of biking in half (0.489), while gender has no significant effect on walking.
280!
While starting and ending a trip within Minneapolis increases the relative chance of walking or biking equally by a factor of about 6, St. Paul trips and intercity trips have different modal effects. Starting and ending within St. Paul increases the relative probability of walking by a factor of 3.417, while traveling between Minneapolis and St. Paul increases the relative probability of biking by a factor of 3.915. In any case, starting and ending one's trip within the urban core decreases the relative 285! probability of driving. Most of the variables from 2001 are also significant for at least one mode in 2010, though there are differences between the models. None of the day-of-week variables or measures of heat and humidity remained in the 2010 model, and the income categories are replaced by a measure of how many cars are available in the household. The 2010 model also has a larger share of variables for which the coefficients 290! for walking and biking are both significant but not significantly different from each other. In addition to having a driver license and starting and ending within Minneapolis (like the 2001 model), being younger than 56 or a student, having a college degree, and starting and ending within St. Paul also increase the probability of both walking and biking relative to driving by roughly the same ratios. with walking.. Walking shows no significant relationship with either of these trip purposes. Rain and gender are also unassociated with walking but significantly decrease the relative probability of biking.
IMPLICATIONS FOR PERFORMANCE MANAGEMENT
Walking and bicycling trips are taken by different people for different reasons at different times for 310! different distances, and the factors that are associated with individuals' decisions to walk or bicycle rather than drive also are different. These differences have important implications for performance management, including the choice of performance measures to assess progress towards multi-modal goals. At the regional level, travel behavior inventories provide useful data that planners can use to develop nuanced performance measures that complement measures derived from the American Community Survey.
315!
Examples include mode share for all trip purposes or, in places with robust Safe Routes to Schools programs, mode share for school-based trips.
Mode choice models (such as the multinomial logistic models presented here) are a useful tool for assessing policy-relevant factors that affect individual travel decisions and can inform the selection of performance measures. For example, a gender gap between males and females exists for bicycling but not 320! walking (for all trips for all purposes). Hence, educational programs and performance measures for women in bicycling may be warranted; similar measures for walking may not be needed. The significant spatial variation in walking and bicycling indicates planners need to think very carefully how to establish performance goals and measures to assess progress towards them. Targets for walking mode share, for example, should not be the same for Minneapolis as any of the smaller 325! communities in the ring counties, because the factors that support walking (e.g., density, diversity, design) vary both within and across jurisdictions. Another way of saying this is that performance measures need to be context-sensitive and reflect both historical urban form and the constraints it imposes upon mode choice. As a practical matter, policy choices and investments to increase walking and ! ! bicycling will be made by local elected officials, so performance measures specific to jurisdictions may 330! be appropriate. Establishment of different performance measures across jurisdictions, however, increase complexity and has the potential disadvantage of complicating communication of key messages about regional performance. At the spatial scale of a region, tradeoffs in establishing performance measures appropriate to the diverse communities within the region cannot be avoided. The significant temporal variation in walking and bicycling raises the question of whether year-335! round or summertime data should be used to develop performance measures for these modes. While yearround data provide more complete measures and are directly comparable to measures for other modes, they fail to convey important information, such as peak demand. Given the different concerns and priorities of stakeholders in regional transportation systems, significant public engagement will be needed to assess inevitable tradeoffs in choices among indicators and to arrive at a set of robust measures that 340! inform system management. Our analyses of TBIs also identified areas where attention to methodology may improve measures. The 2010 TBI, which collected data year round, provides richer data than the 2000 TBI, but neither provides data on an ongoing basis. A significant limitation of the use of TBIs to establish performance measures is that they typically are completed decennially. Moving to rolling administration 345! of the travel survey as is done with the ACS would provide more current data to assess performance, but, of course, would introduce new administrative, financial, and technical challenges. With respect to the instrument, a non-trivial number of trips for walking and bicycling had "home" as both the origin and destination, which, means, when GIS is used to calculate trip distance, the distance for these trips is zero. Distance could be imputed from time, but this procedure introduces additional error into analyses. One 350! practical implication is that trips taken for exercise or leisure may not be adequately represented in findings.
Finally, performance measures like these need to be integrated with other measures to enable decision-makers to fully understand whether policies, investments, infrastructure, and programs are having desired effects. For example, significant differences in walking and bicycling exist between 355! Minneapolis and St. Paul. Minneapolis was the principal beneficiary of infrastructure improvements made as part of the Non-motorized Pilot Program; comparatively few investments were made in St. Paul. Yet these findings do not confirm cause and effect: they are much too coarse. More detailed spatial analyses that incorporate proximity to new infrastructure for walking and bicycling will be needed to address these issues. 360! ! ! 
